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The importance of biomass as a source of chemicals, biofuels, and energy 
is widely accepted. Currently, the attention is mainly focused on the 
valorisation of by-products from lignocellulosic materials. Chemical 
compounds derived from plants and microorganisms that provide good 
protection for crops against weeds, pests, and diseases (biopesticide 
active substances) have been used to formulate pesticides. Their use is 
increasingly encouraged by new pesticide regulations that discourage the 
use of harmful active substances. This article reviews the current and 
future situation of biopesticides, especially natural chemical products, and 
focuses on their potential within the European pesticide legislative 
framework. Moreover, this article highlights the importance of the different 
modes/mechanisms of action of the active substances obtained from 
natural sources, the role of chemistry in biopesticide development, and 
how the adoption of integrated pest management practices contributes to 
a greater trend towards biopesticides. 
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INTRODUCTION 
 

 The concept of an ideal pesticide has evolved greatly during the second half of the 

20th century. In the early 20th century, pesticides were used with a low level of control and 

without harmonized criteria because compounds efficacy was prevailing. Thus, many 

pesticides that are currently removed from the market because of high toxicity and 

persistence were used extensively with unsuitable application methods developed during 

World War II, such as airplane application (Howard 1935). This application caused many 

cases of acute or chronic toxicity (Hunt and Bischoff 1960), and other adverse effects such 

as an increased resistance in the target species (Mouches et al. 1986), the replacement of 

target species with more harmful resistant species (Regnault-Roger et al. 2005), and 

contamination of different environmental compartments (Ellgehausen et al. 1980; Leduc 

et al. 1987). When these problems appeared, authorities demanded that these pesticides be 

used appropriately, and they revised pesticide legislation and created agencies devoted to 

the protection of human and animal health and the environment from risks associated with 

pesticides (e.g., the United States Environmental Protection Agency (USEPA) (USEPA 

2015) and the European Food Safety Authority (EFSA) (European Commission 2002)). 

Currently, the concept of the ideal pesticide has significantly changed to include (i) a high 

selectivity to target species but a minimal toxicity to non-target organisms, (ii) a high 

effectiveness at a low application rate, and (iii) a low environmental persistence (readily 
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degradable) to avoid bioconcentration and biomagnification within the food chain and to 

prevent the development of resistances. Thus, there is a need for new active substances that 

effectively fight pests but have minimal impacts on humans, animals, and the environment.  

Natural products and living organisms have a long history as crop protection agents. 

Pesticides are usually referred to as “biopesticides” when they are formulated using these 

kind of substances. In the last decade, the use of the term biopesticide has increased 

considerably (Fig. 1), but at the legislative level, there is not a global agreement on this 

term. Both the United States and European Union have well-developed pesticide legislation 

to protect human and animal health and the environment, in a comparably sized market and 

bring new active substances and formulations to market faster. The USEPA defines 

biopesticides as formulations derived from natural materials such as animals, plants, 

bacteria, and certain minerals (USEPA 2015). At the European level, there is no specific 

designation, although biopesticide active ingredients are generally but not always defined 

as “low risk” and “basic” substances. 

 

 
 
Fig. 1. Evolution of the term “biopesticide” in the scientific literature (Web of Science 2015) 

 

At the beginning of this century, about 1400 biopesticide products were sold around 

the world, accounting for about 2.5% of the total pesticide market (Marrone 2007; Chandler 

et al. 2012). The demand for biopesticides is expected to grow at a faster compound annual 

growth rate of 16.1% (compared with 3% for synthetic pesticides) from 2012 to 2017, 

which will produce a global market of $5.2 billion in 2017 (Lehr 2010; Market and Markets 

2012). Currently, North America consumes about 40% of global biopesticides, with 

Europe, Oceania, and Latin America accounting for 20, 20, and 10%, respectively (Leng 

et al. 2011). Some of these regions (i.e., Europe and North America) are important markets 

for the promotion of these products, with fast growing and modern control systems that 

support and regulate their use. However, contrary to common belief, biopesticides usually 

generate residues that may be harmful. The biopesticide impact on humans, animals, and 

the environment is only reduced by the implementation of strategies that diminish and 

optimize their usage. 

Since adoption of the Council Directive 91/414/EEC (European Commission 

1991), which was later replaced by the current Regulation (EC) No. 1107/2009 (European 

Commission 2009b), any plant protection product (henceforth pesticide) must pass a 

rigorous evaluation process that proves that it does not pose risk before being marketed in 

any Member State of the European Union. The safe use of pesticides should also be 

ensured. Thus, numerous legislative measures have been adopted, such as the European 

Directive 2009/128/EC for sustainable use of pesticides (European Commission 2009a). 

This directive addresses a gap in the European legislative outline related to pesticide 
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management, providing clear references on managing pesticide field applications to reduce 

their use and to prevent potential environmental contamination. 

In the European Union, public institutions such as KEMI in Sweden, ANSES in 

France, CRD in the UK, or INIA in Spain evaluate scientific documentation submitted by 

companies within the agrochemical sector for the approval of the pesticide active 

substances and authorization of their commercial formulations. 

This review analyzes the impact of biopesticide active substances on the 

development of new pesticide formulations and their future use in the European market, 

taking into account the current legislative framework. Some case assessments of 

biopesticide active substances under European Union Regulation are also discussed. This 

review has been focused on natural chemical compounds derived from plants and 

microorganisms. Among microorganisms, special attention is given to those that use cheap 

raw materials, such as residues from agroforest industries, decaying vegetation, among 

others, as substrates in the production of bioactive substances (Zhang et al. 2013). Both 

plants and microorganisms as sources of chemicals for crop protection open promising 

perspectives within the biorefinery concept. 

 

 

RESULTS AND DISCUSSION 
 

Modes and Mechanisms of Action to Avoid Pest Resistance 
 Plants have been important sources of natural pesticides for centuries; for example, 

tobacco plants such as Nicotiana tabacum are sources of the alkaloid nicotine (Dayan et 

al. 2009). Microorganisms are also used to produce biopesticide active substances from 

lignocellulosic materials. Two species of the bacterial genus Saccharopolyspora produce 

spinosyns through the fermentation of carbohydrates or vegetative media (Kirst et al. 1991; 

Lewer et al. 2009). Some common natural chemical compounds are included in Table 1 

and Table 2.  

There are natural pesticides for the control of plant pathogens (bacteria or fungi), 

insects, and weeds, as well as natural products for the management of mammals and birds 

(repellents) (Dayan et al. 2009). The biological activities and mechanisms of action of these 

compounds are extremely variable (Aliferis and Jabaji 2011). This phenomenon reflects 

the fact that several of these natural products are derived from secondary metabolism 

pathways, which allow plants to protect themselves from their natural enemies (Chandler 

et al. 2012). Thus, it is likely that natural products have biological activity against other 

organisms.  

The mode of action (MoA) describes the specific biochemical interaction (target or 

site of action) to which bioactivity is attributed (FRAC 2015; HRAC 2015; IRAC 2015). 

MoA is sometimes differentiated from mechanism of action (Aliferis and Jabaji 2011); 

however, both terms should be used without distinction (Casida 2009). The MoA for these 

compounds is not always understood; examples in the literature include, saponins (Geyter 

et al. 2007), momilactone B (Kato-Noguchi et al. 2013), azadirachtin (IRAC 2015), 

cinnamaldehyde (Kang et al. 2007; Brown 2013), acetic acid (Reynolds 1974), and 

pelargonic acid (HRAC 2015). In some instances, it is likely that they have multiple 

activities. Understanding MoA is fundamental because it clarifies the most effective and 

sustainable pesticide in the pest resistance management strategy.  
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Table 1. Examples of Natural Chemical Compounds with Activity against 
Bacteria, Fungi, and Weeds 

Active Substance MoAa Source Refb 

Target: Bacteria and Fungi 

Cinnamaldehyde Unknown Cassia plants  
(Cassia tora L.) 

(Kang et al. 2007; 
Brown 2013) 

Diallyl sulphide Unknown Allium crops  
(garlic and onion) 

(Davis et al. 2007) 

Kasugamycin Protein synthesis 
inhibitor 

Streptomyces 
kasugaensis 

(Copping and  
Duke 2007) 

Laminarin Host plant defense 
induction 

Laminaria digitata (Aziz et al. 2003) 

Natamycin Chitin synthase 
inhibitor 

Streptomyces 
natalensis 

(te Welscher et al. 
2010) 

Oudemansin Inhibitor of 
mitochondrial electron 
transport (complex III) 

Oudemansiella 
mucida 

(Akita 2009) 

Oxytetracycline Protein synthesis 
inhibitor 

Streptomyces rimosus (Streltso et al. 1974) 

Polyoxins Inhibitor of chitin 
synthase 

Streptomyces cacaoi (Cohen 1993; Zhang 
and Miller 1999) 

Polyoxorims Chitin synthase 
inhibitor 

Streptomyces cacaoi (Isono and Suzuki 
1979) 

Rhamnolipid Cell lysis Pseudomonas 
aeruginosa 

(Sotirova et al. 2008) 

Validamycin Trehalase and 
inositol-biosynthesis 

inhibitor 

Streptomyces 
hygroscopicus 

(Kameda et al. 1987) 

Target: Weeds 

Acetic acid Unknown Vinegar (Reynolds 1974; 
Rahmat et al. 2014) 

Bialaphos Glutamine synthetase 
inhibitors 

Streptomyces species (Duke et al. 2000; 
Duke and Dayan 

2011) 

Leptospermone Bleaching:  
p-hydroxyphenyl 

pyruvate dioxygenase 
(HPPD) inhibitor 

Leptospermum 
scoparium 

(Dayan et al. 2011) 

D-Limonene Removing the waxy 
cuticular layer 

Anethum graveolens 
L. 

(Dayan and Duke 
2010; Shrestha et al. 

2012) 

Pelargonic acid Unknown Many plants  
(including food plants) 

(Cantrell et al. 2012) 

Sorgoleone Inhibition of 
photosynthesis at 

photosystem II 

Sorghum bicolor L. 
Moench 

(Czarnota et al. 
2001) 

Tabtoxin-β-lactam Glutamine synthetase 
inhibitors 

Pseudomonas 
syringae 

(Duke et al. 2000; 
Duke and Dayan 

2011) 

a: Classification according to FRAC (Fungicide Resistance Action Committee) for bacteria and 
fungi (FRAC 2015), and HRAC (Herbicide Resistance Action Committee) for weeds (HRAC 

2015) or proposed by independent sources/research works. 
b: Also references (Dubey 2010; López and Fernández-Bolaños 2011). 
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Table 2. Examples of Natural Chemical Compounds with Activity against Insects, 
Mammals, and Birds 

Active Substance MoAa Source Refb 

Target: Insect 

Azadirachtin Unknown Azadirachta indica (López et al. 2005) 

Capsaicin Nervous system 
dysfunction 

Capsicum spp. (USEPA 1992; 
Copping 2001) 

Carvone Repellent Mentha spicata var. 
crispa (Lamiaceae) 

Carum carvi L. 
(Apiaceae) 

(López and Pascual-
Villalobos 2010) 

Diallyl sulphide Repellent Allium crops  
(garlic and onion) 

(USEPA 2010a) 

Estragole Repellent / 
antiaggregant 

Estragon and conifer 
trees 

(USEPA 2001; 
USEPA 2010b) 

p-Menthane-3,8-diol Repellent Corymbia citriodora (Elmhalli et al. 2009) 

Nicotine Nicotinic acetylcholine 
receptor (nAChR) 

agonists 

Nicotiana tabacum L. (Shi et al. 2006) 

Pyrethrin I and II Sodium channel 
modulators 

Chrysanthemum 
cinerariaefolium and 

Chrysanthemum 
coccineum 

(Casida 2011) 

Rotenone Mitochondrial complex 
I electron transport 

inhibitors 

Tropical plants in the 
genus Derris, 

Lonchocarpus or 
Tephrosia 

(Chauvin et al. 2001) 

Spinosyns Nicotinic acetylcholine 
receptor (nAChR) 
alloxteric activator 

Saccharopolyspora 
spinosa and 

Saccharopolyspora 
pogona 

(Kirst et al. 1991; 
Lewer et al. 2009) 

Target: Mammals and Birds 

9,10-Anthraquinone Repellent Plant tannin extracts (Schrader et al. 
2003; Cantrell et al. 

2012) 

Capsaicin Repellent Capsicum spp. (USEPA 1992) 

Diallyl sulphide Repellent Allium crops  
(garlic and onion) 

(USEPA 2010a) 

Piperine Repellent Piper nigrum (Ghosh 2000) 

a: Classification according to IRAC (Insecticide Resistance Action Committee) for insects 
(IRAC 2015) or proposed by independent sources/research works. 

b: Also references (Dubey 2010; López and Fernández-Bolaños 2011). 

 

The continued use of a pesticide can result in a heritable change in the sensitivity 

of the target pest population, which leads to the failure of the product to achieve the 

expected level of control (resistance). In most cases, it also confers cross-resistance to other 

chemically related compounds that have a common target site, i.e., they share a common 

MoA. Successful pesticide management prevents the formation of resistances or re-

introduces susceptibility in resistant pest populations (IRAC 2015). 

Crude preparations (e.g., essential oils, mixtures of fatty acids, and extracts) often 

present problems related to the combined effect of the biological properties of their 

constituents, which are unveiled only after their separation (Asili et al. 2009). Although 

crude or partly purified preparations are used in practice, this unsuitable use is changing 



 

PEER-REVIEWED REVIEW ARTICLE                  bioresources.com 

 

 

Villaverde et al. (2016). “Natural biopesticides,” BioResources 11(2), Pg #s to be added.  6 

because of the variation in composition of the natural sources. Modern legislative 

frameworks encourage the use of pure, or at least enriched and stabilized products. 

Chemical modifications are the key to developing new biopesticides from these natural 

products within the legal framework of every country. 

 

The Role of Chemistry in Biopesticide Development 
 As mentioned previously, plants are great sources of natural active substances 

(Domingues et al. 2011; Santos et al. 2013). Many of these substances contain plant 

protection activity (Nathan et al. 2007), which has facilitated their industrial/commercial 

exploitation. First, active substances must be isolated and characterized, and their 

biological activity demonstrated. Active ingredients with crop protection properties should 

be extracted in a form suitable for commercial formulations, but extraction usually poses 

many technical problems. Additionally, the development of pesticides should be supported 

by numerous bioassays to improve the effectiveness of the extracts. Notably, the interest 

in natural products with phytosanitary activity is due to their innovative molecular 

structures, not their natural character (Ujváry 2010). In fact, all pesticides are considered 

unnatural when the working concentration exceeds the concentration in their natural state. 

In general, there are three approaches to the development of new biopesticides: a) 

crude extracts (e.g., from lignocellulosic materials); b) chemical synthesis; and c) 

computational chemistry-aided pesticide design. Approaches b) and c) are mixed solutions 

that improve a biopesticide once it has been identified. 

 

Extraction and purification: plants as sources of active ingredients 

 New active substances derived from lignocellulosic materials are usually obtained 

in vegetable extracts produced via purification protocols and organic solvents. Polar 

fractions are extracted with methanol:water mixtures, which enables high gravimetric 

yields but fairly non-selective and complex extracts. Solvents with a low polarity, such as 

dichloromethane, are chosen because they are fairly specific to lipophilic extractives (Shen 

and Shao 2006). However, purification of these fractions requires more selective and 

environmentally friendly extraction techniques, such as supercritical fluid extraction using 

carbon dioxide, which is a widely used and sustainable process (Santos et al. 2012). The 

organic fraction is collected, concentrated, and fractionated or purified using column 

chromatography, and active substances can be identified and quantified on 

chromatographic systems coupled to detection systems such as mass spectrometry (Qi et 

al. 2008; Jalali et al. 2012), or nuclear magnetic resonance techniques when the active 

substance is isolated in a very pure form (Asili et al. 2009). 

 

Chemical synthesis of natural active substances 

 Partial or total chemical synthesis is usually more complex. The synthesis of the 

compound skeleton, the introduction of functional groups at certain positions, and the 

stereochemistry of the molecules are all major challenges. However, it is relatively simple 

to generate many similar chemical structures, using either chemical or biochemical 

pathways. Thus, the MoA of these compounds can be studied using an approximation of 

the structure-activity relationship (SAR) (Tewary et al. 2006; Bhardwaj et al. 2010; Kirst 

2010; Li et al. 2013). This term describes a rapidly growing field of research that studies 

relationships between molecular structure (e.g., available hydroxyl (He et al. 1997) or 

polymerization degree (Frackenpohl et al. 2009)) and the physicochemical and biological 

response. For example, Bhardwaj et al. (2010) used this approach to evaluate the larvicidal 
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activity of 18 phenylpropanoids (Fig. 2), including phenylpropenoate, phenylpropenal, 

phenylpropene, and their semisynthetic analogues against the tobacco armyworm, 

Spodoptera litura. The report identified promising structures with insecticidal activity, 

observing that OCH2O substituted phenylpropenes possess insecticidal potential against 

Spodoptera litura. Furthermore, they showed that hydrogenation of isomeric mixtures 

decreases the susceptibility of the C=C bond to air oxidation, which reduces larvicidal 

activities, and those problems associated with the separation of isomeric mixtures of 

phenylpropenes. Therefore, the incorporation of dihydrosafrole in certain formulations 

could increase their biochemical targets. This effect would limit the appearance of 

resistances and increase potential synergistic effects, which favors dosage reduction.  

 

 
 
Fig. 2. Phenylpropanoids (Bhardwaj et al. 2010)  

 

Tewary et al. (2006) carried out a similar work with Aphis craccivora, and they 

observed that the position of double bonds in the C6-C3 system is important because it 

influences mitochondrial respiration; increasing the activity of phenylpropanoids by non-

polar substitutes such as methoxy groups enhances its penetration through the body cuticle 

and diffusion. In the spinosyn family, over 1000 analogs have been obtained and tested 

(Salgado and Sparks 2005), and their SARs have been evaluated (Kirst 2010).  
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SAR allows a qualitative comparison of similar chemical structures and is based on 

the knowledge that these substances may have similar biological activity. The potential 

toxic effects of unknown compounds with related chemical structures are predicted using 

this approach. Understanding how changes in chemical structure affect the magnitude and 

type of biological effect is also important in SAR studies. 

 

Computational chemistry 

 According to SAR analysis, the response produced by a substance depends on its 

chemical structure. Nevertheless, chemical structures cannot be dealt with directly using 

SAR methodology. Instead, various kinds of molecular descriptors are used, such as 

fragments (e.g., bonds of various types or counts of atoms), geometrical (e.g., molecular 

surface area and volume), physico-chemical (e.g., molar refraction), and topological (e.g., 

molecular connectivity and symmetry) (Hansen 2004). Quantitative structure-activity 

relationship (QSAR) is a statistical tool in which quantitative data concerning specific 

compounds, such as toxicity, are correlated with several structural parameters of these 

compounds, such as ionization potential, octanol-water partition coefficient, aqueous 

solubility, dipole moment, etc. (Hansen 2004). The suitability of the QSAR results is highly 

dependent on the amount and quality of the starting data (input parameters), the descriptors 

selected (mathematical response functions), and the applied model (Sevilla-Morán et al. 

2015). QSAR studies employ mainly empirical descriptors, but they can include quantum 

chemistry, which provides well-defined theoretical descriptors that encode physical-

chemical information. These theoretical descriptors can be used in the design of a training 

set in QSAR studies, and quantum chemistry offers a more accurate and exhaustive 

description of electronic effects than empirical methods (Cartier and Rivail 1987). The use 

of quantum chemical descriptors in the phytosanitary industry to develop QSAR models is 

rare, but there are many methods available for the construction of mathematical models 

that relate biological properties to chemical structures. Some of the more common 

techniques used are multiple linear regression (MLR), partial least squares (PLS), principal 

component regression (PCR), artificial neural networks (ANNs), and discriminant analysis 

(Livingstone 2004). Currently, QSARs show a broad scope that also allows for risk 

assessment of chemicals (Cronin 2004; Hansen 2004; Benfenati et al. 2007). However, it 

should be noted that QSARs are estimation methods. Therefore, they should be used as a 

complementary tool, assisting data evaluation and contributing to the final decision. The 

exact value of a parameter or property can only be established by experimental studies 

(Cronin 2004; Hansen 2004; Benfenati et al. 2007). To validate QSAR models, measured 

and predicted values should be compared. Another limitation of QSARs is that 

relationships can only be established for compounds with a common toxicity mode 

(Hansen 2004). 

China, one of the largest agricultural producers (World Bank 2015), has included 

the QSAR strategy within the Chinese 973 Green Pesticide Research Program (Qian et al. 

2010) to discover new green crop protection chemicals with novel MoA, high selectivity 

to pest species, and low environmental, animal, and human risk. Recently, the role of 

QSAR in herbicide discovery was revised, such that the first QSAR works were mainly 

related to the elucidation of novel MoA (Clark 2011). However, the current literature 

contains techniques for generating QSAR models such as docking or comparative 

molecular field analysis (CoMFA) to model interactions between individual ligands and 

the proteins that bind them (Fratev et al. 2007). These techniques require regression models 

such as the PLS method (Tong et al. 2004). A Web of Science (2015) search of papers 
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published in the last decade using the keywords “pesticide QSAR” returned only 237 hits. 

Thus, biopesticide research combining the SAR and QSAR methods improves biopesticide 

activity (Sparks et al. 2001), and the emerging interest in sustainable pesticides predicts 

great potential in moving forward in the development of new tools to improve agricultural 

practices and combat new resistances. 

 

Biopesticides as a Tool in the Integrated Pest Management Practices in the 
European Union 
 The disadvantages of using pesticides include secondary infestation, development 

of resistances, damage to non-target species, water pollution, the presence of residues, and 

human and animal health risks (Xi et al. 2014). However, pesticide use will continue to be 

advantageous while the main priorities of any society is the feeding of its population and 

disease control, at least until the appearance of a real alternative to pesticides. However, 

developed countries demand decreasing pesticides to reduce their residues in food and the 

environment. To address these problems, the rational use of pesticides must be combined 

with other practices and control measures in the form of integrated pest management 

(IPM), taking into account the current developments. 

The European Union has enacted the registration of low-risk substances through 

regulations that provide incentives to biopesticide use (European Commission 2009b) and 

the required implementation of IPM practices (European Commission 2009a). Both 

Regulation (EC) No. 1107/2009 (European Commission 2009b) and Directive 

2009/128/EC for the sustainable use of pesticides (European Commission 2009a) are 

crucial elements within the actual European Union thematic strategy on the sustainable use 

of pesticides (European Commission 2006a; European Commission 2006b). The former 

regulates the approval of active substances and pesticides, while the latter provides 

references on how to manage field to reduce the use of pesticides and prevent potential 

environmental contamination. The fundamental objectives of the European Union thematic 

strategy and Directive 2009/128/EC (European Commission 2009a) are included in Table 

3. It is intended to reduce the impact of pesticides on living organisms and the environment. 

The goal of this strategy is to achieve more effective treatments, which in turn allows for 

lower doses. The general principles of IPM are described in Annex III of the Directive 

2009/128/EC (European Commission 2009a) and are outlined in Table 4 for their 

implementation the European Union thematic strategy. These objectives attempt to satisfy 

the full meaning of the IPM highlighted above. 

 

Table 3. Main Objectives of the Thematic Strategy and Directive 2009/128/EC 
(European Commission 2006a; 2006b; 2009a) 

Objective Typical Action 

Reduce impact of pesticides Promote IPM plans at national level 

Coordinate strategies / Continuous improvement Exchange of information 

Check effectiveness of strategy followed Measuring risk reduction 

Avoid wrong use of pesticides Improve user training 

Limit contamination and max. efficacy treatments Improve application equipment 

 

Within a background that encourages the development of less harmful substances 

and alternative pest control techniques, biopesticides may be key to the implementation of 
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IPM practices. This might be achieved by replacing or combining traditional pesticides 

with biopesticides or by using biopesticides as a basis for the synthesis of new pesticides. 

Figure 1 shows how the use of the biopesticide term, together with that of IPM practices, 

is increasing. However, the future state of biopesticides within the European legislative 

framework will not be easily established because natural products and biologically derived 

pest management agents differ notably from conventional pesticides in their MoA, 

chemistry, and complexity. Such differences make them difficult to categorize in terms of 

relative risk, and this situation generates regulatory barriers to biopesticide 

commercialization. 

 

Table 4. General Principles of Integrated Pest Management (European 
Commission 2009a) 

Principles Methods/Tools 

Prevent, suppress, and monitor harmful 
organisms 

Suitable agricultural practices 

Measures based on monitoring Robust and scientifically sound threshold values 

Non-chemical methods are preferred Biological, physical, and other methods 

Specific pesticides for the target - 

Use pesticides to necessary levels Reduced doses and frequency 

Apply anti-resistance strategies Pesticides with diverse MoA 

Check the success of the measures Records on use and monitoring 

 
Case Analysis of Biopesticide Authorizations in the European Union 
 The progression of European legislation on pesticides has been discussed 

(Villaverde et al. 2014). Hence, this section explains the case of several biopesticide active 

substances that were assessed under the previous European Council Directive 91/414/EEC 

(European Commission 1991) and the current Regulation (EC) No. 1107/2009 (European 

Commission 2009b) (Fig. 3). 
 

 
 

Fig. 3. Some natural active ingredients assessed in Europe 

 

The discussion below includes azadirachtin, rotenone, and anthraquinone whose 

decision was taken from Council Directive 91/414/EEC (European Commission 1991); and 
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ascorbic acid, eugenol, geraniol, maltodextrin, orange oil, thymol, chitosan hydrochloride, 

fructose, lecithins, and sucrose that were transposed into the current Regulation (EC) No. 

1107/2009 (European Commission 2009b). 

In the fourth stage of the review program of active substances existing in the 

European Union market before 1993 (European Commission 1991), 295 active substances 

were considered to be of low risk (European Commission 2015). It could be said that 

biopesticide active substances were included within this stage; of these, rotenone and 

anthraquinone are discussed below. Only 112 substances were approved finally. This 

section also highlights important aspects required for the approval of active substances. 

Where appropriate, the USEPA assessment is considered. 

Before exploring each case, it is important to observe Fig. 4, which shows the stages 

and deadlines that were followed in the examples evaluated under Regulation (EC) No. 

1107/2009 (European Commission 2009b). 

 

 
 
Fig. 4. Timetable for assessment and approval of new active substances under Regulation (EC) 
No. 1107/2009 (European Commission 2009b), and zonal evaluation and authorization of their 
commercial formulations. A timetable for approval of basic substances is included for comparison. 

 

Stages and deadlines must be met for both the approval of new active substances 

and the authorization of pesticides, which accelerates the arrival of new solutions to the 

market. After the approval of new active substances under Regulation (EC) No. 1107/2009 

(European Commission 2009b), which must be performed within 1250 days, the Zonal 

Rapporteur Member State (Z-RMS) decides whether the pesticide can obtain authorization. 

Moreover, Z-RMS has 6 months more to request additional information. If the technical 

equivalence of the active substance must be assessed, then it takes another 60 days. If the 
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active substance and pesticide were already assessed during the inclusion of the active 

substance in Annex I, the deadlines are shortened, and Z-RMS must decide within six 

months. Finally, the short period for the approval of basic substances (360 days) is an 

excellent opportunity for the approval of low-concern biopesticide active substances. 

 

Azadirachtin, rotenone, and anthraquinone 

 Although azadirachtin (Fig. 3) was not approved in the first instance, several 

applicants made a resubmission application together for the inclusion of azadirachtin in 

Annex I. The resubmission dossier included further data in response to the issues identified 

in the monograph of azadirachtin. Both evaluation of the additional data and generation of 

an additional report to the monograph resulted in the recommendation to include 

azadirachtin in Annex I for its supported uses (European Commission 2011; EFSA 2011). 

Rotenone is also an active substance included in the fourth stage programme (Fig. 

3). The notifiers for rotenone showed no interest in participating in the programme of work 

for this active substance. As a consequence, this active substance is not approved. 

However, the Commission and Member States experts highlighted a need for further use 

of rotenone. In these circumstances, the period for the withdrawal of authorization for 

certain essential uses for which there are no efficient alternatives was extended until the 

year 2011 in Italy, France, and the United Kingdom. However, strict conditions were 

designed to minimize the possible risks, and this extension was not renewed. Currently, 

rotenone is not authorized in the European Union (European Commission 2008a). In the 

USA, most uses have also been voluntarily cancelled by companies (USEPA 2007), 

maintaining its use as a piscicide. Thus, registration is limited to applications to manage 

fish populations and getting aquatic invasive species control by assisting native fish and 

aquatic species towards recovery (USEPA 2007). This example shows how a product is 

not always removed from the market based only on its toxicological properties, but also 

due to commercial or economic interests. Azadirachtin may have suffered the same fate. 

Europe (and rest of the world) faces a difficult approach in that they should use all the 

means available to safeguard essential health and environmental protection, while still 

trying to avoid a situation in which many substances are lost because data requirements 

cannot be fulfilled economically or notifiers are not interested in certain types of 

substances. 

Anthraquinone (Fig. 3) is a bioactive active substance used as a repellent for birds 

in cereals, and it was also included in the fourth stage programme. It is usually formulated 

with insecticides and fungicides. During the European examination of this active substance 

by RMS, Member States, and European Commission, it was concluded that this active 

substance has harmful effects on human health. The European Commission invited the 

notifier to submit their comments on the results of the examination of anthraquinone. After 

consideration of the notifier comments, the identified concerns were not be eliminated. 

Therefore, under the proposed conditions of use, anthraquinone was not be approved 

(European Commission 2008b). In contrast, anthraquinone is approved in the USA as a 

selective mammal and bird repellent. This is a clear example of how the adoption of a 

substance can also be conditioned by the mode of use, among other factors. 
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Ascorbic acid, eugenol, geraniol, maltodextrin, orange oil, and thymol 

 All substances mentioned in this subsection have been recently approved. 

Therefore, they were not included in any of the previous review programs. The steps for 

their approval were consistent with those highlighted in Fig. 4. The greater cooperation 

between Member States and the more harmonized system achieved in Regulation (EC) No. 

1107/2009 (European Commission 2009b) allows the evaluation process to be more 

standard. However, it is still necessary to work on the harmonization process to achieve a 

more homogeneous market for pesticides. The major modifications regarding Council 

Directive 91/414/EEC (European Commission 1991) are those related to the active 

substances. In this sense, Article 4 and Annex II define approval conditions, including new 

hazard criteria based on the inherent properties of substances. Moreover, substances may 

be approved and listed in a separate commission regulation in several categories that 

comprise basic, low-risk, and standard substances, and candidates for substitution. The 

former have the best approval and renewal periods, while the latter have greater difficulties 

in that area. This fact clearly favours the development and use of substances with lower 

risk. Ascorbic acid, eugenol, geraniol, maltodextrin, orange oil, and thymol (Fig. 3) were 

classified as standard substances that are approved for up to 10 years with a renewal for 15 

years, although they are not substances of special concern. 

 

Chitosan hydrochloride, fructose, lecithins, and sucrose 

 Recital 18 of the European Regulation (EC) No. 1107/2009 (European Commission 

2009b) states that “specific provisions should ensure that substances which are not 

predominantly used as pesticides, as far as their risks are acceptable, may also be 

approved for plant protection use”. In this sense, they should also “be of value for plant 

protection, but the economic interest of applying for approval may be limited”. Based on 

these particular requirements, Article 23 defines a new category of active substances 

categorized as “basic substances” and fixes the next four criteria for their approval 

(European Commission 2009b) as: a) not being of concern; b) does not entail endocrine 

disrupting, neurotoxic or immunotoxic effects; c) not to be used for plant protection, and 

d) not to be marketed as pesticides. Moreover, those active substances which meet the 

criteria of a “foodstuff”, as established in Article 2 of Regulation (EC) No. 178/2002 

(European Commission 2002), are also considered basic substances. Chitosan 

hydrochloride, fructose, lecithins, and sucrose (Fig. 3) are not used as pesticides, but show 

some special features that give them the capacity for pest control. These are some of the 

first basic substances approved recently in Europe (first approval was in June 2014) and 

constitutes a group of compounds not included in any other legislation. In their application 

as basic substances, which may be submitted by a Member State or any interested party to 

the Commission, they were only required to present a small dossier that mainly only 

included the identity of the substances and their predominant uses outside plant protection, 

together with the intended uses, classification, and labelling of the substance. The rest of 

the information (i.e., toxicological effects, residues, and environmental fate and behaviour) 

was provided through results published in scientific literature, and conclusions were 

supported by well-known evidences. More detailed requirements can be consulted in 

working document SANCO/10363/2012 (European Commission 2014), where the 

European Commission establishes the procedure for application of basic substances, to be 

approved in compliance with Article 23 of Regulation (EC) No 1107/2009 (European 

Commission 2009b). Article 28 of Regulation (EC) No 1107/2009 establishes that basic 

substances do not require additional authorization for their marketing and use as pesticides, 
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as long as they are formulated only with basic substances (European Commission 2009b). 

Moreover, basic substances do not need be renewed. However, the European Commission 

may review their approval at any time, and conditions and restrictions for approval can be 

requested in agreement with Article 6 of Regulation (EC) No 1107/2009 (European 

Commission 2009b). Nevertheless, this means a lower cost and faster product approval and 

registration for substances other than the substances and products commented on 

previously (Fig. 4). In addition, their approval as basic substances gives them an 

appropriate legal framework, which ensures them as good future prospects. 

 

Current and Future Trends 
 Biopesticides should be a cornerstone in the development and implementation of 

resistance management programs. The development of new biopesticides by agrochemical 

companies is essential to safeguard their activities. In this sense, it is imperative that funds 

are provided to support the search for new MoA that remain high in resistance 

management. The aim of this should be the search of novel biopesticide active substances 

with different MoA involving the inhibition of metabolic processes that also involve a low 

risk of resistance developing. However, it is unrealistic to think that biopesticide use can 

totally replace conventional chemical pesticides, except in organic food production. 

 Agrochemical companies might be changing their market and R&D strategies 

because of evolution of resistances to conventional chemical pesticides, and because of 

modern legislations more protective of human, animal, and environmental health (e.g. 

Regulation (EC) No. 1107/2009) (European Commission 2009b). Legislation should 

surely involve the adoption of future specific policies for new or modified natural 

substances with plant protection activity. 

 Resistance risk analysis is a key requirement, as efficacy demonstration of pesticide 

active substances and their formulations are mandatory according to Regulation No. 

283/2013 (European Commission 2013a) and Regulation No. 284/2013 (European 

Commission 2013b), respectively. The European and Mediterranean Plant Protection 

Organization (EPPO) considers the “resistance risk analysis” (EPPO© 2015) to be a two-

stage process composed of “resistance risk assessment” and “resistance risk management”. 

The former examines the probability of resistance development, while the latter 

recommends strategies to avoid the development of resistance. The resistance risk 

assessment requires examination of the inherent risk (associated with the MoA of the 

product and the pest) and the agronomic risk (influenced by the crop, the geographic area, 

and the use pattern). The resistance risk assessment can be influenced by multiple factors 

(e.g. identity and family of the active substance, both MoA and mechanism of resistances, 

cross-resistance, behaviour of the resistant strains, consequences of a limitless use, and 

level of resistance risk) and they should be analyzed case by case. After the resistance risk 

assessment stage, resistance risk management should be performed if the risk in 

unrestricted use is unacceptable (high inherent and agronomic risks). Otherwise (low 

inherent and agronomic risks, or even high inherent risk and low agronomic risk), the 

baseline sensitivity should be established directly through monitoring before the 

introduction of the active substance. Finally, a dossier for registration should be displayed 

and efficacy of the pesticide should be monitored. Therefore, resistance risk analysis is a 

complex issue, and the basis for risk assessment, which requires a clear willingness on the 

stakeholders to co-operate in order to maintain a sustainable, viable, and safe agricultural 

environment within the European Union. 
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 Three chemical approaches are essential to discover or efficiently develop new 

biopesticides with novel modes and mechanisms of action: extraction from natural sources, 

chemical synthesis, and computational chemistry. This integrated process and rational 

design involves indirect biological and toxicological studies. All these studies should be 

addressed together using proper scientific method and research protocols to allow suitable 

results. Synthesis of pesticides is mainly based upon obtaining a basic structure with a 

certain function, and the growth of the rest of the molecule around that function. SAR and 

QSAR models can be used to predict the physicochemical and biological properties, and 

the environmental fate of pesticides and their transformation products. Both fulfill recital 

11 of the European Regulation (EC) No. 1107/2009, which states that “the development of 

non-animal test methods should be promoted in order to produce safety data relevant to 

humans and to replace animal studies currently in use” (European Commission 2009b). 

 On the other hand, the full development of IPM practices is crucial in order to 

favour biopesticide usage. The ideal case would be that conventional pesticides will only 

be used to minimize the evolution of resistance in target pest populations, in favour of 

widespread biopesticides and other friendly environmental technologies. The well-

consolidated conventional pesticides applied on a calendar basis with suitable results are 

difficult to change to an alternative IPM practice using biopesticides. However, recent 

published works focused on the IPM programs show how correcting pest management 

practices can reduce pesticide use without negative consequences (Pretty 2008; Sharma et 

al. 2015). Therefore, solutions should be enacted to remove unfounded fears regarding a 

fall in crop yield, even if it does, when this means a dramatic drop in the use of pesticides. 

Crop protection strategies should also be developed in order to avoid risks on human, 

animal, and environmental health. 

 
 
CONCLUSIONS 
 

1. Due to nature being an almost unlimited source of bioactive natural products, and the 

great progress in the structural isolation and characterization of these compounds, the 

current model of relying almost exclusively on synthetic chemicals as a source of 

pesticides is beginning to change. This fact, together with new European legislation for 

the registration of plant protection products encouraging the development of less 

harmful substances, is causing natural products to begin to replace traditional 

pesticides, or provide the basis for the synthesis of new ones. 

2. Extraction from natural sources, chemical synthesis, and use of computational 

chemistry (i.e., SARs and QSARs) are the current main approaches in the discovery 

and development of biopesticides. 

3. There is no doubt that biopesticides represent an attractive technology from the 

standpoint of improved European IPM programs. Moreover, biopesticides, as high 

value chemicals obtained from lignocellulosic materials, can be considered to be of 

high interest within the biorefinery concept in order to achieve an integrated 

exploitation of residues from agroforest industries. 

4. It is important to be aware that biopesticides are not inoffensive, and that they fall under 

the same state and regulations as synthetic pesticides. Therefore, they must be used 
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only as indicated on the label, which provides critical information about how to safely 

handle and use pesticides. 
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